Minimally processed fruits and vegetables have a limited shelf life because of deterioration caused by spoilage n,icrofiora and physiological processes. Cutting may increase microbial spoilage of fruits through transfer of microllora on the outer surfaces to the interior tissue. The objectives of this study were to use the vacuum-steam-vacuum (VSV) process to reduce indigenous spoilage microtlora on the surface of cantaloupes and to investigate the effects of such treatments on transfer of spoilage microflora from the cantaloupe surface to the fresh-cut melon during rind removal and cutting. Whole cantaloupes were treated in the VSV processor, and fresh-cut pieces prepared from treated and control samples were stored at 5 and 10°C for up to 9 days. Presence and growth of mesophilic bacteria, yeasts and molds, and Pseudo,nonas spp. were determined in fresh-cut samples during storage. Texture and color (CIE L* , a 5 . and b*) also were measured during storage. VSV treatment resulted in a 1.0-log reduction of aerobic mesophilic bacteria, a 2.0-log reduction of yeasts and molds, and a 1.5-log reduction of Pseudonionac spp. on cantaloupe surfaces. VSV treatment significantly reduced transfer of yeasts and molds and Pseudomonas spp. from whole cantaloupe surface to fresh-cut pieces during preparation (P < 0.05). Texture and color of the freshcut pieces prepared from the VSV-treated whole melons were similar to those of the controls. The results of this study indicate that the use of the VSV process to reduce the surface populations of yeasts and molds and Pseudomonas spp. on whole cantaloupes will reduce subsequent transfer of these microbes to fresh-cut pieces and enhance the microbial quality of the fresh-cut product.
interest in developing a safer and more effective alternative treatment. We have investigated the use of hot water treatment for decontamination of whole cantaloupes designated for fresh-cut processing, and the results suggest that this treatment would have major advantages over the use of sanitizers by greatly reducing or eliminating vegetative cells of spoilage organisms and pathogenic bacteria on melon surfaces (31) . Recently, Annous et al. (2) reported similar findings and concluded that surface pasteurization of whole cantaloupes could achieve a 5-log reduction of bacterial Populations on melon surfaces.
Agricultural Research Service engineers developed and patented the vacuum-steam-Vacuum (VSV) process for reducing bacteria on the surfaces of solid foods, especially raw food, without causing thermal damage to the food (12, 13. 19-22) . VSV surface intervention employs a short exposure to vacuum to remove any insulating fluids, followed by a quick burst of condensing steam that rapidly transfers energy directly to the contaminated sample. A second exposure to vacuum evaporatively cools the product surface, preventing thermal damage. Although the surface debris is removed with the initial application of vacuum, the condensing steam itself continuously deposits an insulating water (condensate) layer during processing. Cycling between vacuum and steam effectively removes this redeposited water layer as soon as it forms and improves surface treatment. Microstructure of the netting gives the cantaloupe rind inherent surface roughness likely to favor bacterial attachment and complicates detachment by chemical treatments (29) . Because the VSV process is designed to reduce bacteria on the surface of raw food, we hypothesized that the vacuum process allows penetration of the steam into crevices and pits to reduce spoilage microflora on cantaloupe surfaces with little or no thermal damage to the flesh. In this study, our objectives were to investigate the use of the VSV process to reduce indigenous spoilage microflora on the surfaces of cantaloupes designated for fresh-cut processing. We also investigated the effects of such treatments on transfer of spoilage microflora from the cantaloupe surface to the fresh-cut pieces during rind removal and cutting. The effects of such treatment on the color and texture of the fresh-cut cantaloupe were monitored (luring storage at 5 or 10°C for up to 9 days.
MATERIALS AND METHODS
Unwaxed cantaloupes (Cucumis melo L. Var. Cwilalupenis Naud., 1.802 ± 62 g, western shippers) were purchased from a local wholesale distribution center. Melons were stored at 5°C for -18 h before use and then placed on the laboratory bench for 20 h to allow them to come to room temperature (-20°C). The melons were then subjected to the VSV treatment.
VSV treatment. The surface intervention processor was designed to process whole raw foods such as chicken carcasses. Samples are placed individually into a treatment chamber, the chamber is evacuated, saturated steam is injected into the chamber a vacuum is created in the chamber to evaporatively cool the sample, and the sample is ejected into a clean environment. The treatment chamber has a spherical valve 254 mm in diameter (12) . Each whole cantaloupe was manually inserted into the treatment chamber of the VSV processor. The treatment chamber has a computer controlled ball valve with a servo that was rotated at 90° to sea] the treatment chamber front outside atmosphere. Platter valves on the sides of the treatment chamber rotated to expose the melon to vacuum, then steam, and then vacuum again. With multiple cycles, the sequence of vacuum and steam was repeated a specified number of times. After treatment, the ball valve was rotated 90° to expose the cantaloupe to the room atmosphere, and the cantaloupe was manually removed with sterile gloves. Whole cantaloupes were treated i ndividually in the VSV processor with 138°C saturated steam for 0.1 s. Initial and intermittent vacuum times were 0.1 s, and the final vacuum time was 0.5 s. Two or three VSV cycles were used on each of the 24 cantaloupes.
Preparation of fresh-cut pieces. All utensils and equipment used for preparing fresh-cut pieces were sanitized with 200 ppm chlorinated water (prepared from sodium hypochlorite after pH adjustment to 6.4 with citric acid). Treated and untreated whole melons were cut into four sections with a sterile knife (sanitized between each melon), and the rinds were carefully removed. Fresh-cut pieces (-3-cm cubes, -500 g) from multiple treated melons were pooled, placed inside a 9.75-in. (24. Microbiological analysis of fresh-cut pieces. Fresh-cut pieces stored at 5 and 10°C were monitored for the presence and growth of mesophilic bacteria, yeasts and molds, and Pseudo-/1100W, spp. every 3 days for up to 9 days. Fresh-cut pieces (100 g) and 200 ml of 0. I % peptone water were added to a stomacher bag (Fisher Scientific, Pittsburgh. Pa.) and pummeled for 30 s in a stomacher (model 400. Dynatech Laboratories. Alexandria. Va.) at medium speed. Undiluted samples or samples from decimal serial dilutions prepared in 0. 1% peptone water were surface plated in duplicate onto the media listed above.
To determine the acceptability of the fresh-cut pieces based on physical observation, fresh-cut pieces prepared from treated and untreated whole cantaloupes were monitored for the presence of viable yeasts and molds during storage at 5. 10, and 22°C every 2 days for up to 14 days.
Quality evaluation: texture measurement and color analysis. Texture of fresh-cut pieces was evaluated every 3 days during storage with a TA-XT2i Texture Analyzer (Texture Technologies Corp., Scarsdale, N.Y.) as described previously. A 6-mmdiameter probe was used to penetrate the middle points between the original rind side and the original cavity side of samples to a depth of tO mm at 10 mmls. Five pieces were collected for firmness measurements, and the maximum force and area under the curve were recorded using Texture Expert software (version 1.22. Texture Technologies).
Color (CIE L* , a°, and b*) was measured every 3 days during storage with a ColorQuest XE colorimnetric spectrophotometer (Hunter Associates Lab, Reston, Va.) with a 1 -cm measuring aperture. The spec trophotometer was calibrated using the standard light trap and a white tile (L 5 93.50, a* -0.89. and b 5 1.01). 
RESULTS AND DISCUSSION
Effects of VSV treatment on native microflora of whole cantaloupe. Mean microbial populations on the control cantaloupe surfaces were 6.39 log CFU/cm 2 for total mesophilic aerobes. 3.09 log CFU/cm 2 for yeasts and molds. and 2.89 log CFU/cm 2 for Pseudomonas spp. (Fig.  1) . VSV treatments of two or three cycles resulted in a significant reduction of aerobic mesophilic bacteria (-I log CFU/cm2), yeasts and molds (---2 log CFU/cm 2 ), and Pseudomonas spp. (-1 log CFUIcm 2) on cantaloupe surfaces as compared with controls. Population reductions for yeasts and molds and Pseudonionas spp. were not significantly different between cantaloupes treated with two and those treated with three cycles (Fig. 1) . In a preliminary VSV study, treated cantaloupes showed no evidence of visual damage. decay, or weight loss during storage at 5°C for 9 days. In our previous study in which hot water treatment was used to decontaminate whole melon surfaces, we reported no visual damage or decay but noticed a minimal weight loss during storage at 4°C (31) . In contrast to the treated cantaloupe, untreated controls had mold growth in the stem scar area as early as 6 days of storage at 5°C.
Effect of VSV treatment on transfer of surface microflora. Figure 2 shows the efficacy of the VSV treatments in reducing transfer of spoilage microflora from the surfaces of whole cantaloupes to fresh-cut pieces during preparation. The treatments at two or three cycles significantly reduced yeasts and molds (which cause decay of whole melon and fresh-cut pieces during storage) to below the level of detection (<I CFU/g) but did not achieve significant reductions in the populations of mesophilic aerobes and Pseudomonas spp. transferred to fresh-cut pieces. Mesophilic aerobes, yeasts and molds, and Pseudomonas spp. transferred to fresh-cut pieces survived and grew during storage at 5 and 10C C (Figs. 3 and 4) . Each of these populations was higher in fresh-cut pieces froni untreated cantaloupes than in pieces from VSV-treated cantaloupes at both storage temperatures. Yeasts and molds were not recovered for up to 3 days of storage at 5°C from fresh-cut pieces of cantaloupe processed for two and three VSV cycles (Fig. 3) . At day 6 and 9, yeast and mold populations were recovered, and the populations at day 9 were slightly higher than those on day 6. Similar but higher populations of yeasts and molds were found in fresh-cut pieces during storage at 10'C for 9 days (Fig. 4) . The relatively slow growth of yeasts and molds and Pseudomonas spp. on fresh-cut pieces from treated cantaloupes compared with growth on pieces from untreated cantaloupes may have been due to gradual recovery of injured cells during storage.
Effect of VSV treatment on results of physical observation for presence of yeasts and molds on fresh-cut cantaloupe pieces. The results of a study designed to monitor physical appearance and growth of yeasts and molds in fresh-cut cantaloupe pieces during subsequent storage at 5. 10. or 22°C for up to 14 clays are shown in Tables I and  2 . Visual inspection revealed a slimy appearance on some of the samples during storage, particularly on samples Storage (Days) stored at 10 or 22°C. Sliminess was observed by day 6 of storage at 10°C and by day 9 at 5°C. At 22°C, yeast and mold spots were observed on fresh-cut pieces by day 2 ( Table I ). The study was terminated at day 4 because of the presence of slime, odor, and mold. Although, yeasts and molds were detected at day 3 in fresh-cut pieces stored at 5°C, physical yeast and mold spots appeared on the freshcut pieces from untreated cantaloupes at days 8. 6, and 2 of storage at 5, 10. and 22°C, respectively (Table I) . At 10°C, the maximum storage time for cut cantaloupe was less than 6 days, whereas at 5°C, shelf life was extended just past 6 days. The 6-day samples stored at 10°C were slimy and translucent, with no commercial value. In freshcut pieces prepared from VSV-treated cantaloupes, yeast and mold spots were not observed during storage at 5°C for up to 14 days but were seen in samples stored at 10°C Table 2 ). There was no consistent difference in appearance between samples treated for two or three VSV cycles: however, samples from both VSV treatments had no yeast or mold spots or had fewer spots than did control samples.
Effect of VSV on quality changes. The L* values of the cantaloupe pieces prepared from fruits that were treated with VSV (either two cycles or three cycles) were higher (but not always significantly higher) than those of the controls by day 9 of storage at either 5 or 10°C (Table 3 ). The higher *L values indicate that VSV treatments preserved the lightness of the cantaloupe samples during posttreatment storage. The a* values of the controls and of samples treated with VSV were unchanged during storage at 5°C. Storage (Days) 
-
a Fresh-cut pieces were prepared from untreated whole cantaloupes. Results are based on three trials and duplicate physical observations of fresh-cut pieces. "NA, not applicable. Experiment was stopped because of extensive spoilage.
However, during storage at 10°C, the a 5 values of all samples decreased by day 6, indicating that these samples had a shorter shelf life than those stored at 5°C. There was no consistent effect of VSV on b5 values of samples stored either at 5 or at 10°C except that the b 5 values of samples treated with VSV were significantly higher than those of the controls on day 9 at 10°C. The reason for the higher b5 values in VSV-treated samples probably is the absence of yeast and mold spots (Table 2 ). Hue angles of samples treated with VSV were generally similar to those of the controls 
Fresh-cut pieces were prepared immediately after VSV treatment. Results are based on three trials and duplicate physical observations of fresh-cut pieces. NA, not applicable. Experiment was stopped because of extensive spoilage.
during the entire storage period at both temperatures. Siniilarly, there was no consistent difference in chroma values between VSV-treated samples and the controls, except that on day 9 at 10°C control samples had significantly lower chroma values than did treated samples, indicating that VSV treatment preserved the saturation of cantaloupe color.
There was no consistent difference in any of the color parameters for samples from the two VSV treatments. It is unlikely that consumers could distinguish the color differk- I IV ence among samples from the three experimental groups except for samples stored for 9 days at 10°C. VSV treatment had no consistent effect on texture of cut cantaloupe in terms of either maximum force or area (Table 3) . Day-to-day variability in textural parameters could have been due to variation in ripeness among melons.
The results of a previous study designed to evaluate the shelf life of minimally processed honeydew and cantaloupe melons, kiwifruit, papaya, and pineapple stored at 4°C indicated that both the shelf life and type of spoilage were related to the type of fruit (25) . The authors suggested that the microflora of fruit pieces should he identified so that appropriate criteria for quality assessment can be determined. The predominant organisms on cantaloupe and honeydew melon were aerobic mesophilic bacteria followed by lactic acid bacteria, gram-negative bacteria, yeasts and molds, and Pseudomonas spp. (28) . In unwrapped and wrapped sliced watermelon, Pseudonwnas spp., Escherichia coli, Enterohacter spp., and micrococci were predominant (1). Fresh-cut vegetables initially harbor lower numbers of microorganisms than do unwashed whole vegetables because whole vegetables to he cut are washed in chlorinated water before cutting (14) . In this study, the VSV treatment reduced the populations of native microflora of cantaloupe surfaces and significantly reduced (P < 0.05) transfer to fresh-cut pieces. Reductions in the populations of mesophilic aerobes on cantaloupe surfaces resulting from VSV treatment were substantially less than those obtained by immersion of melon in hot water (31) . In the hot-water study, the native microflora on whole cantaloupes was reduced by approximately 4.5 log units. Similarly. Annous et al. (2) found that hot water surface pasteurization of cantaloupes with pilot-scale equipment enhanced microbiological safety and extended shelf life. The VSV treatments did not result in significant log reductions of surface rnicroflora of cantaloupe as was observed with the hot water treatment, possibly because exposure time (I to 2 mm) to the hot water was longer than the 1.25 s of steam exposure with the VSV process. The efficacy of VSV treatment for inactivating human pathogens on cantaloupes and other heattolerant fruits and vegetables should be investigated.
In our previous study, we found increases in populations of all groups of microorganisms, including Pseudomonas spp., in all fresh-cut cantaloupes as storage time increased, regardless of the treatment. Boyette et al. (5) reported that the microbial decay of minimally processed lettuce is largely due to the growth of microorganisms originating from preharvest environments. Gram-negative bacteria and smaller numbers of yeasts make up the bulk of the initial microbial flora of vegetables (8, 9, 11, 15, 16) . In stored shredded lettuce, mesophilic aerobic bacteria and psychrotrophic microorganisms tend to predominate, while molds and lactic acid bacteria generally remain at low concentrations (3, 9. 17) . In this study, yeasts, molds, and Pseudoinonas spp. on fresh-cut cantaloupe pieces were below the limit of detection; however, as days of refrigerated storage increased, aerobic mesophilic microbes, Pseudomonas spp., and yeasts and molds were detected in all samples from untreated whole cantaloupe. The same categories of microorganisms were detected on whole melon surfaces and on fresh-cut pieces during storage, which indicates that the microbes were transferred from the rind to the flesh during preparation of fresh-cut pieces. A similar finding has been reported for transfer of Salmonella Stanley from cantaloupe surfaces to fresh-cut pieces (30) . VSV decontamination of whole cantaloupes designated for fresh-cut processing led to a significant reduction of Pseudomonas spp., yeasts, and molds on melon surfaces, thus reducing the probability of transfer from the rind to the interior tissue during cutting. The reduced populations of such yeasts, molds, and Pseudomonas spp. in fresh-cut cantaloupe would improve the microbial quality of the product. Cantaloupe rind acts as an effective insulator, and if steam exposure is minimal, the internal flesh used for fresh-cut preparation will be little affected, as indicated by the sensory data. The visual signs of deterioration of fresh-cut produce are flaccidity due to loss of water, changes in color due to oxidative browning at the cut surfaces, and microbial conlamination (7, JO, 27, (32) (33) (34) . In our study, visual inspection of fresh-cut cantaloupe after two and three cycles VSV treatments did not reveal any of these spoilage signs for up to ID days of storage at 5°C. VSV treatment of whole cantaloupe probably inactivated or injured some of these microbes, thus inhibiting microbial growth and extending the refrigerated shelf life.
